Introduction
The State of Qatar, an oil-and gas-producing state in the Middle East, is a peninsula with an area of 11 437 sq km located on the Southern border of the Arabian Gulf. The population of the State, which was only 25 000 in 1950 1 and 70 000 in the late 1970s, 2 has grown to more than 1.2 million by 2007. 3 The major increase in the population is because of massive immigration after the economic boom from the 1990s onward, with the rapid development of infrastructure including the health-care system. The population of the state, which was originally comprised of indigenous tribes, currently has 70% expatriates. [1] [2] [3] Qatar's economy has grown very rapidly since the discovery of natural reserves in the early 1970s. With the discovery of one of the world's largest gas fields in Ras Lafan and the installation of the world's largest Gas to Liquid plant in the 1990s, Qatar's economic growth has become exponential. According to the 2007 international economic figures, Qatar has the highest per capita income in the world. 4 The gross domestic product per capita, which was US$ 17 377 in 1990, 3, 4 has been estimated at US$ 87 600 in 2007; 4 a fivefold increase. This economic boom was paralleled by a massive investment by the government of Qatar in the development of infrastructure, including a modern health-care system. At par with other developed countries, Qatar allocates a significant proportion of its national budget for health care. The allocation, which was 6.1% in 1990, was gradually raised to 14.9% in 2006, a 2.5-fold rise. 3 The per capita of national health expenditure was also increased by almost fourfold in 2006 compared with that in the year 1990. 3 The State of Qatar provides universal access to health care for all its citizens. The quality of health care in Qatar is high, even by Western standards. 2 Data from the Qatar Family Health Survey for 1998 and Vital Statistics indicate that the State of Qatar has achieved tangible progress in meeting the international goals stated in the World Declaration and the national goals stated in the National Plan for Childhood for the year 1992. 2 This includes a significant reduction in the under-five mortality and infant mortality figures over the past two decades, which is attributable to high standards of preventive and curative maternal and child health. 2 During the 1990s, over 99% of births in Qatar were conducted in public hospitals under advanced medical supervision. 2 Women's Hospital Hamad Medical Corporation is the largest state-run maternity center in Qatar, where >99% of deliveries in the state are conducted. In 2008, the hospital conducted 14 714 deliveries; 5 an increase of 37% compared with those conducted in 1990 (n ¼ 10 759). 3 A total of 8.5% (n ¼ 1271) of total live births (n ¼ 14 899) were of low birth weight (<2500 g), whereas 8.9% (n ¼ 1320) were preterm (<37 weeks). 5 The percentage of low birth weight babies in Qatar has remained unchanged (8.3 to 9.5%) since 1990. 3 The ratio of Qatari to non-Qatari babies admitted into the Neonatal Intensive Care Unit (NICU) was 40:60, reflecting the distribution of child-bearing families among the general population of the country.
Newborn care in Qatar is provided equally to Qatari and nonQatari babies, both at the hospital and at the primary health-care level. Similar to other developed countries, the neonatal survival in Qatar has significantly improved over the past two decades. No neonatal tetanus cases have been registered in Qatar since the 1990s. 2 The Women's hospital hosts the sole tertiary care neonatal unit of the country, which has a total of 75 neonatal cots with 37 intensive-care cots. The unit, equipped with all kinds of modern gadgets, provides high standard comprehensive neonatal care, including medical, surgical, cardiac and neurometabolic care, under one roof. Formal neonatal ventilation was introduced in 1981, whereas surfactant therapy and care of extremely low birth weight (<1000 g) babies began in the early 1990s. The fetomaternal unit and assisted reproduction were started in the mid 1990s, which resulted in a gradual increase in the number of preterm and multiple births. Since the early 1970s, >99% of the State's deliveries have been conducted in the hospital. All seriously sick newborn babies are admitted into its sole NICU. Therefore, the perinatal and neonatal mortality data from Women's Hospital, for all practical purposes, represent Qatar's national neonatal perinatal data. We conducted this study to analyze the trends in perinatal and neonatal mortality rates in Qatar over a period of 30 years (1977 to 2007) and compared these with those of regional Gulf countries, as well as with some of the most developed industrialized countries. We have also broadly analyzed the effects of Qatar's very rapid socioeconomic development and its evolving newborn care on perinatal health indicators and the progress made toward achieving the Millennium Development Goals, which, since their adoption by all United Nations member states in 2000, have become a universal framework for development. 6 To our knowledge, this is the first study of its kind from the Arabian Gulf region.
Methods
This retrospective analytic study included all perinatal and neonatal deaths for the period 1977 to 2007, which were monitored through registers of the NICU, Women's hospital. The study was approved by the research committee, Hamad Medical Corporation. Discharge and death certificates of mothers and babies were reviewed for maternal and obstetric information. Age and cause of death were clearly mentioned in death certificates. To know the actual number of deaths in Qatar and the underlying cause of death, there is a national database in the Department of Preventive Medicine that records all deaths through death certificates. The missing information for early years was collected from this database. All causes of death were classified in accordance with the criteria based on the International Classification of Disease tenth revision (ICD-10). Home deliveries, any possible home deaths and babies dying after discharge from hospital were not included in the study. However, babies born with lethal congenital anomalies or with low Apgar scores (including extremely premature and <1000 g at birth), who had signs of life at birth but were declared nonviable by the attending clinician and died in the labor room, were included as neonatal mortality.
In our study, a stillbirth was defined as late fetal death at X24 weeks gestation. Neonatal death included infants who were born alive but who died within the first 28 days of life. An early neonatal death is the death of a live born infant within 7 completed days after birth and a late neonatal death is the death of a live born infant after 7 completed days and before 28 completed days after Trends in perinatal and neonatal mortality rates K Salameh et al birth. Perinatal mortality refers to the sum of late fetal and early neonatal deaths. Data are expressed as rates (per 1000) and proportion of cases (%). Neonatal, early neonatal, late neonatal, stillbirth and perinatal mortality rates have been calculated per 1000 live births. Neonatal mortality rates from early 1990 onward include deaths of extremely premature babies (24 to 28 weeks and 500 to 1000 g at birth). The w 2 -test was used to determine the trend. The level P<0.05 was considered as the cutoff value for significance. We compared the trends observed in our study with those of regional Gulf countries and some developed countries. The data pertaining to these countries were extracted from the UNICEF 7 and World Health Report. 8 Results Table 1 shows the trends in perinatal and neonatal mortality rates in Qatar during the study period (1977 to 2007). There was a notable peak in neonatal (14.1), early neonatal (12.5) and perinatal (24.7) mortality rates in 1977. There was a second peak in neonatal (12.1) and late neonatal (7.5) mortality rates in 2000. Over a period of three decades, there was a sharp significant decrease in mortality rates in 2007 compared with those in 1977 (P<0.0001); the neonatal mortality rate decreased from 14.1 to 5.1; early neonatal mortality rate had a dramatic fall from 12.5 to 2.3; and perinatal mortality decreased from 24.7 to 10.3. There was no notable reduction in the late neonatal mortality rate in 2007 (2.8) compared with that in 1980 (3.0), instead it showed a slight upward trend in 1995 (4.1) and 2000 (7.5). Table 2 gives the comparison in perinatal and neonatal mortality rates between Qatar, Gulf and developed countries.
Although the stillbirth (8), neonatal (5.1) and perinatal (10.3) mortality rates in Qatar were slightly higher than the rates in developed countries, the early neonatal mortality rate (2.3) in Qatar is better than the rates in some developed countries, except for those in Sweden and Japan. When compared with Gulf countries, the stillbirth, neonatal and perinatal mortality rates in Qatar were quite lower than the rates in Bahrain and Saudi Arabia, but comparable with those in Kuwait, UAE and Oman. Table 3 compares the leading causes of neonatal deaths in Qatar with global estimates by WHO. Similar to the developed countries, prematurity was the leading cause of neonatal death in Qatar (42.6%), followed by congenital anomalies (28%). Sepsis was the third leading cause of neonatal death in Qatar (19.1%), but not in developed countries. Sepsis was a major cause of neonatal death in South East Asia (27%) and Africa (27%). Asphyxia (7.4%) was not a major problem in Qatar, whereas it was a leading cause of death in developed countries and in Africa (24%) and South East Asia (23%). Similar to developed countries, Sources: a Qatar's data is from our study. The rest is from the following sources. UNICEF State of the World's Children. 7 World Health Organization. 8 World Health Organization. Abbreviations: SBR, still birth rate; NMR, neonatal mortality rate; ENMR, early neonatal mortality rate; PMR, perinatal mortality rate. 
Discussion
The Millennium Declaration sets 2015 as the target date for achieving most of the goals including maternal and child health care (the Millennium Development Goals 4 and 5). 6 The mid-point assessment in 2007 has shown that the results are, predictably, uneven. 6 The equity gap in maternal and child health not only reflects the global disparity in wealth but also the disparity in political commitment and investment in the right strategies at the national level. 10 Although improvements in neonatal and perinatal mortality rates seem to have been more noticeable in South America, 9 the countries of the Gulf Cooperation Council (GCC) (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates) have also made a remarkable achievement. 11, 12 Perinatal and neonatal mortality rates are useful indicators of the standard of a country's educational, social and community health system, the nutritional status of the population and the national medical programs in obstetrics and neonatal care. 13 The State of Qatar is a very good example of this remarkable progress. Similar to other rapidly growing economies in the GCC region, Qatar has witnessed a very rapid change in every aspect of life during the past two decades. The vibrant and booming economy, combined with a strong political will to provide world class health care in the country across the board for all its citizens, has resulted in a remarkable improvement in its maternal and child health. This study describes the trends in perinatal and neonatal mortality rates in the State of Qatar over the last 30 years.
The findings of our study have revealed an overall sharp significant decline (P<0.0001) in perinatal and neonatal mortality rates in 2007 compared with those in the year 1977. The perinatal mortality rate declined from 24.7 in 1977 to 10.3 in 2007, which is slightly higher than the most recent perinatal mortality rates of the United Kingdom (8/1000), the United States (7/1000) and Japan (7/1000). 7, 8 According to our study, this difference is due to higher stillbirth rates in Qatar (8/1000) compared with the rates in these countries. The stillbirth rates in the developed world have been artificially reduced by the increasing number of medical terminations for congenital anomalies. 14, 15 Recent studies have shown that reproductive wastage is significantly high in consanguineous couples. 16 Of the marriages in Qatar, 54% are consanguineous. 17 This, in addition to the very low rates of elective Trends in perinatal and neonatal mortality rates K Salameh et al medical terminations in Qatar, explains its persistently high stillbirth rates and perinatal mortality rates. Among the GCC countries, Qatar has the lowest perinatal mortality rate (Saudi Arabia 21/1000, Bahrain 19/1000, Kuwait 11/1000 and Oman 11/1000), except UAE, which has a perinatal mortality rate of 9/1000. 7, 8 The rate of consanguineous marriages in Qatar, as reported in 2006, is 54% (confidence interval 52.3 to 55.7), 17 whereas it is 57.7% in Saudi Arabia, 50.5% in the United Arab Emirates, 54.4% in Kuwait and 35.9% in Oman. 17 Similar to Qatar, the high rate of consanguinity and low rates of medical terminations due to sociocultural reasons may account for the higher stillbirth rates in the GCC countries. A similar effect has been shown among the Pakistani population in the United Kingdom, which had higher perinatal and neonatal mortality rates than did the rest of the population. This was attributed to the higher rates of consanguineous marriages and lethal malformations among Pakistani immigrant families. 18 Worldwide, there is one stillbirth for every neonatal death, 9, 19 although the ratio is higher in developing countries. 20 A recent study from Saudi Arabia 21 shows this pattern (stillbirth rate 15.4/1000 and neonatal mortality rate 10.8/1000). A recent study from Bangkok 22 also shows the same pattern (stillbirth rate was 3.45 and neonatal mortality rate was 1.65). 23 According to our study, Qatar has the same pattern (stillbirth rate 8/1000 neonatal mortality rate 5.1/1000). This pattern will change if elective medical terminations for lethal congenital anomalies become acceptable for the society in this part of the world. Table 1 and Figure 1 show the trends in mortality rates in Qatar. There is a remarkable improvement from 1977 to 1985, which remained constant till the mid 1990s. The limit of viability was 28 weeks during this period. Accordingly, the definition of stillbirth excluded extremely premature babies who were included in the later era. The emphasis of care during this period was on resuscitation, management of hypothermia, prevention and management of sepsis, feeding, improved care of low birth weight babies and advanced respiratory support, including ventilation, which was formally introduced in 1981. After the mid-1990s, when the limit of viability was lowered to 25 weeks, an increasing number of extremely premature babies began to get resuscitated, which not only resulted in a change in the definitions of stillbirth and abortion but also resulted in an increase in the stillbirth, perinatal and neonatal mortality rates. There was a second notable peak in neonatal (12.1) and late neonatal (7.5) mortality rates in 2000. This was the result of an increasing number of extremely premature and multiple births consequent of assisted reproductive technology, which was introduced in Qatar in 1997. Most of these extremely premature babies received excellent delivery room care and survived an early neonatal 'honeymoon' period. However, a significant number succumbed to late complications of neonatal sepsis, necrotizing entero colitis and chronic lung disease, resulting in an increase in the total and late neonatal mortality rates. The institution responded by a further modernization of tertiary neonatal care. Although surfactant therapy was introduced in the early 1990s, modern ventilation techniques, exclusive neonatal consultants and other staff, respiratory therapy and improved care of extremely low birth weight babies were introduced in the early 2000s. Since then, there has been a consistent improvement in mortality rates. Although there is a large variation in the definition of perinatal period among countries, Qatar's current perinatal and neonatal mortality rates are comparable with the most recent figures published by WHO and UNICEF for the developed countries.
An upsetting indicator is the dynamics of low birth weight babies (proportion of babies born with a birth weight <2500 g). In Qatar, although there was a socioeconomic improvement and a significant reduction in perinatal mortality during the past three decades, the proportion of low birth weight babies remained nearly constant (8.3 to 9.5%). Approximately 50 to 60% of total births, NICU admissions and neonatal deaths were non-Qatari and 40 to 50% were Qatari nationals. The LBW rate followed the same ethnicity pattern. On the contrary, Dawodu et al. 24 reported in their UAE study that socioeconomic and health development during the past three decades was paralleled by a remarkable 25% reduction in the incidence of low birth weight babies. Normally, perinatal mortality rates and low birth weight rates demonstrate a parallel trend. Underweight births closely correlate with the quality of obstetric care and are a significant contributor to perinatal mortality. A similar finding was mentioned in the Millennium Development Goals report for Bulgaria in which the proportion of live births below 2500 g was quite high over the report period (8.8%). 25 According to a recent study from Saudi Arabia, the incidence of low birth weight babies was 10.5% and they were responsible for 72.1% of perinatal deaths. 19 This pattern of low birth weight babies in Qatar and other regional countries needs further research.
Both neonatal and early neonatal mortality rates in Qatar have remarkably decreased over the past three decades (from 14.1 and 12.5 in 1977 to 5.1 and 2.3, respectively, in 2007). This reflects excellent newborn care in the state. However, there was no reduction in late neonatal mortality rates. This is partly due to the high incidence of babies with lethal congenital anomalies who survive during the first week of life due to an initial excellent resuscitation, stabilization and intensive care but, later on, die due to being declared DNR (Do Not Resuscitate) or due to an elective withdrawal of treatment. Similar to the pattern of perinatal mortality rate, the current neonatal mortality rate in Qatar (5.1/1000) is comparable with that in developed countries: the United States (5/1000), the United Kingdom (4/1000), Canada (4/1000) and New Zealand (4/1000). 7, 8 In comparison with other Arabian Gulf countries, Qatar's neonatal mortality rate was similar to that of the United Arab Emirates (5/1000), Kuwait (6/1000) and Oman (6/1000), but was significantly lower than that of Saudi Arabia (11/1000) and Bahrain (10/1000). 7, 8 According to our study, the two leading causes of neonatal deaths in Qatar were prematurity (42.6%) and congenital anomalies (28%). A study conducted in the northern region of England also reported that the most common cause of neonatal death was prematurity (39%), followed by congenital anomalies (28%) and intrapartum hypoxia (13%). 15 Sepsis was the third leading cause of neonatal death in Qatar (19.1%), but not in developed countries. 7, 8 Perinatal asphyxia (7.4%) was not a major problem in Qatar, although it is a leading cause of death in developed countries. 7, 8, 15 Similar to developed countries, there was not a single case of neonatal tetanus or neonatal diarrhea in Qatar over the last decade. 3 
Conclusions
This study revealed that there was a sharp significant decrease in neonatal and perinatal mortality rates in Qatar, which reflects its socioeconomic development, heavy investment in the health-care system, backed by a strong political will. The stillbirth, neonatal and perinatal mortality rates in Qatar are comparable with those of the developed world and GCC countries, which is a remarkable achievement. The mortality rates are significantly lower than those of some of the Arabian Gulf countries. Despite rapid economic growth and health-care improvement, the proportion of underweight live births in Qatar remains constant, which needs further research. Prematurity is the leading cause of neonatal death in Qatar, followed by congenital anomalies that can be effectively reduced by health education programs and better antenatal care. Interventions at several points in the life cycle will be necessary to reduce perinatal and neonatal mortality. 24, 25 
